Introduction
Current views on the biochemical basis for the cell death which occurs in ischaemia and after prolonged convulsions are based on the toxicity caused by excessive release of excitant amino acids (glutamate and possibly also aspartate). The events known to be involved include depolarization, disturbance of the energy state and release of glutamate and other neurotransmitters, and are thought to be mediated by an increase in the intracellular calcium concentration [Ca" I,. which triggers off a cascade of damaging biochemical reactions. However, the temporal and causal relationships between these various events have not been clearly established. A major route for the toxic increase in [CaL+] , is thought to be the N-methyl-[)-aspartate (NMDA) subtype of glutamate receptor, which operates a MgL+-gated direct Ca'+ channel, modulated by glycine. polyamines and also possibly by ZnL +.
Some years ago, we developed a superfusion system for magnetic resonance spectroscopy (m.r.s.) studies on cerebral metabolism, where continuous observations could be made directly and non-invasively on actively metabolizing slices of the cerebral cortex [ 41, and applied the i"F-m.r.s. indicator for Ca' + , 1,2-bis(2-amino-S-fluorophenoxy)-ethane-N,N,N'.N'-tetraacetic acid (SFHAPTA develloped by Smith et al. [S] ) to the measurement of [Ca"], in our system 161.
We have now compared the effects of depolarization, metabolic deprivation (hypoxial hypoglycaemia) and excitotoxic amino acids (glutamate and NMDA) on [CaL+] , and the energy state. During the course of these investigations, we observed in the I"F-magnetic resonance spectra a release of free intracehlar zinc ([ Zn' + 1,) after exposure to the excitotoxins, but not after depolarization or metabolic deprivation. 
Methods

Tissues
Tissue slices (0.35 mm thick) from the guinea pig cerebral cortex were prepared as previously described [4]. After a pre-incubation period of 30min in control media to restore normal levels of metabolites such as lactate, ATP and phosphocreatine (PCr). the slices were transferred to the superfusion apparatus and placed within the m.r. magnet. The control superfusion medium contained (mM): NaCI. 124; KCI, 5; KH2P0,, 1.2; MgSO,, 1.2; CaCI,. 2.4; NaHC03, 26 and glucose, 10, gassed with OL/COL (95:5, v/v) at 37°C. After control spectra had been acquired, the superfusion medium was replaced by the media indicated in the text. Further n.m.r. spectra were then acquired. In studies on the effects of glutamate or NMDA. these were present in the superfusing media throughout the experiment after control spectra had been acquired. When MK801 was used, the tissues were exposed to it at a concentration of 10pM for 1 h before treatment with glutamate or NMDA.
Measurement of [Ca" Ji in the superfused metabolizing tissues was performed using the "IFn.m.r. indicator (SFHAPTA) as previously described [6]. The energy state was monitored in the superfused tissues by interleaved "P-spectra.
M.r. spectroscopy
M.r.s. data were obtained using an AMX-500
Hruker spectrometer operating at 202.46 MHz for "P and 470.5 1 MHz for '"F. The magnetic field was shimmed using the 'H resonance of the water of the superfusing medium to achieve a line-width usually of < 5 Hz. which increased to < 12 112 in the presence of the metabolizing tissues.
"P-spectra were accumulated as 360 transients using 60" radiofrequency pulses repeated every 2s. "IF-Data were accumulated in blocks of SO00 transients using 45" radiofrequency pulses, a sweep width of 10 KHz and an interpulse interval of 0. Results and discussion in the "'F-m.r. spectra are attributable to intracellular Zn2+: from its chemical shift, and because it disappeared in the presence of N,N,N',N'-tetrakis(2-pyridylmethyl)ethylenediamine, a divalent cation chelator with high affinity for zinc [7] .
Use of the NMDA receptor blocker MK 801 produced interesting differences in the effects of glutamate and NMDA (Figure 2 ). Pretreatment for 1 h with lOpM MK801 had no effect on the increase in [Ca" Ji or the decrease in PCr produced by glutamate, but it suppressed the appearance of ZnL+. In contrast, identical pretreatment with MK 801 blocked all responses to NMIIA: the appearance of Zn'+ was suppressed and the levels of [Ca'+], and of PCr remained at control values.
These results (summarized in Table 1 ) suggest that the consequences of metabolic deprivation as may occur in ischaemia. sufficient to produce severe energy failure and a large increase in [ CaL 
